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Tuesday, February 18, 2014 549agene in 13 % cases. It was found that FAD genes mutants affect calcium
homeostasis in hippocampal neurons by disrupting Ca2þ storage in the lumen
of endoplasmic reticulum (ER). In our study we used electrophysiological re-
cordings with a patch-clamp technique in whole-cell mode and calcium imag-
ing with Fura-2AM to study calcium channels activity, ER calcium load and ER
calcium leak. We observed different effects of FAD mutated genes expressions
on activity of store-operated and L-type voltage-gated calcium channels in
mouse hippocampal neurons, mouse neuroblastoma Neuro2a and human neu-
roblastoma SK-N-SH cell lines. We found that effects of FAD PS1 mutants
on calcium channels were driven by misbalance in activity of ER calcium sen-
sors STIM1 and STIM2. The different effects were connected with calcium
sensors STIM1 or STIM2 impaired signal transduction from ER to calcium
channels in plasmatic membrane (PM) under control of ER calcium levels.
The impaired signal transduction was revealed in live confocal imaging exper-
iments. The enzyme activity of PS1 was involved in regulation of store-
operated calcium entry in two ways: the activity of channels was depended
on PS1 endoproteolysis level and APP cleavage.
This work was supported by the program of ‘‘Molecular and Cellular Biology’’
RAS, research grants from the Russian Basic Research Foundation, grant
ERA.Net RUS, research grants from the OPTEC LLC and the President of
Russia Scholarship.
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Tau is a microtubule associated protein that is intrinsically disordered and
accumulates in amyloid fibril deposits alone and in combination with other
amyloid forming proteins. We have found that Tau 441 can form ion- perme-
able channels in planar lipid bilayers under conditions of acidic pH. The chan-
nels are irreversibly associated with the membrane and exhibit heterodisperse
conductances. Acidic phospholipids enhanced channel activity. The channels
are only weakly selective for cations. Znþþ does not block the channels.
These channels show significant, but incomplete, similarity to the amyloid
channels formed by the Alzheimer peptide Abeta, the diabetes associated
peptide IAPP, the prion related PrP106-126 ,and other amyloid channel pep-
tides. Channel forming activity may play a pathogenic role in Tau associated
diseases such as Lewy Body Dementia, by causing ion leakage in target cell
membranes.
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Alterations in Ionic Currents and Gap Junctional Coupling by Pan-
Histone Deacetylase Inhibition
Dakshesh Patel.
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Dynamic balance of histone acetyl transferase and histone deacetylases
(HDACs)is maintained in multiple signaling pathways determining expres-
sion and repression of genes. Pan-HDAC inhibitors like Vorinostat(VOR,
ZolinzaTM) and Romidepsin (Istodax(r)) have been approved for treatment
of peripheral and cutaneous T-cell lymphomas. On rare occasions during
clinical trials,HDACi has been associated with symptomatic ECG alterations,
cardiac arrhythmias, and even sudden cardiac death for unknown reasons.
Rationale of this study is to identify electrophysiological and molecular deter-
minants involved in asymptomatic cardiac abnormalities in patients treated
with HDACi during clinical trials. We investigated the effects of VOR on
ionic currents and gap junctions responsible for cardiac excitability and
propagation. Cultured neonatal mouse ventricular myocytes (NMVM) were
treated with 1-5mM VOR overnight and patch clamp experiments were per-
formed to measure the transient (Ito) and steady state (IK) outward Kþ,
peak inward Naþ (INa), and peak inward L-type Ca2þ (ICa,L) current den-
sities. Dose-dependent decreases in INa density and NaV1.5 protein levels
occurred along with þ10mV shift in INa activation in myocytes treated
with 1-5mM VOR. Conversely, ICa,L density increased significantly without
concomitant change in CaV1.2 protein expression levels. Moreover, aug-
mentation of ICa,L byVOR was independent of stimulation with 5mM isopro-
terenol, suggesting discrete acetylation and phosphorylation dependent
mechanisms for modulation of cardiac ICa,L However, VOR did not alter
any IK or Ito current densities. Also, VOR dose dependently reduced gap
junction coupling and protein expression of connexin43. Pan-HDACi treat-
ment significantly reduces Cx43 protein expression and coupling along with
salient alterations in INa and ICa,L densities. These ion channel changes pre-
sent possible etiologies for cardiac abnormalities in patients. VOR being a
pan-HDAC inhibitor, we plan to determine the effects of isoform-selective
HDACi on ionic currents and APD in human cardiomyocytes derived from
induced pluripotent stem cells.2779-Pos Board B471
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Vpu of human immunodeficiency virus type 1 (HIV-1)which is an 81 amino acid
bitopic membrane protein known to homo-oligomerize. It is known for its
ability to form channels and to assemble into host factors. The assembly process
and the oligomer state of Vpu are not known. Coarse-graining molecular dy-
namics simulations are performed with full-length Vpu in lipid bilayers. Full-
length Vpu is constructed by linking an experimentally derived structural model
of the cytoplasm domain with a computationally generated transmembrane
domain (TMD). Simulation boxes are generated harboring selected numbers
of VPUs. The simulations identify that Vpu assembles via several binding sites
into a series of oligomeric states. Most striking, in a simulation of four Vpu’s
the proteins form a symmetric bundle which is a close match to known channel
architectures. The tetramer is followed a dimer formation. Not only TMDs
but also cytoplasm domains are involved in the dynamics of self-assembly.
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Viral channel forming proteins assemble into homo-oligomers when produced
within the infected cells and full fill their role as diffusion-amplifier for ions
across subcellular membranes. Alteration of the electrochemical gradients
seems to be necessary and in some cases essential for the survival of the virus.
Much is known about the structural features of many of the channels, dynamics
data about oligomerization, assembly and ion diffusion within the assembled
bundles is still lacking.
The dynamics of physiological relevant ions, Naþ, Kþ, Cl- and Ca2þ are moni-
tored in the vicinity of hexameric bundles of p7 of Hepatitis C virus (HCV),
strain 1a. The bundles are generated by a combination of docking approach
and molecular dynamics simulations. Ion dynamics is recorded during multi
200 ns MD simulations of 1 M solutions. With a crucial residue, histidine-
17, found to point into the lumen of the pore, protonation of this residue is
altered and the effect on the ion dynamics monitored. While an ’unprotonated’
p7 bundle allows Ca2þ to enter the lumen, it is exclusively the Cl- in case of
a ’protonated’ bundle.
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Structure and Inhibition of the M2 Proton Channel from the Influenza a
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Jun Wang, Yibing Wu, William F. DeGrado.
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The influenza A virus M2 proton channel (A/M2) is the target of the antiviral
drugs, amantadine and rimantadine, whose use have been discontinued due to
widespread drug resistance. Among the handful of drug-resistant mutants of
M2, S31N, V27A and L26F were found in more than 99% of the currently
circulating viruses. Discovery of inhibitors targeting these M2 mutants has
been hampered by the lack of structural information and their limited sizes,
polarity, and dynamic nature of their drug binding sites. Nevertheless, using
an integrated approach including medicinal chemistry, molecular dynamics
simulation, solid/solution-state NMR, X-ray crystallography, and pharmaco-
logical characterizations, we have discovered small molecule drugs that inhibit
mutant M2 (S31N, V27A and L26F) with potencies greater than amantadine’s
potency against WT M2. A few compounds exhibiting EC50 around 100 nM
are advanced to mice model studies. Structural characterization of S31N
drug binding by NMR shows the drug bound in the homotetrameric channel,
threaded between the side chains of Asn31. The S31N inhibitors, like other
potent WTM2 inhibitors, contain a charged ammonium group. The ammonium
binds as a hydrate to one of three sites aligned along the central cavity that
appear to be hotspots for inhibition. These drug binding hotspots along the
channel axis provide a general model of M2 inhibition that can be used to guide
the design of other channel blockers.
2782-Pos Board B474
Mechano-Sensitive Ion Channels (MSCS) Provide Human Breast Cancer
Cells with a Sensorium for Mechanical Stress
Chouyang Li, Simin Rezania, Sarah Kammerer, Astrid Gorischek,
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Mechanical stress is increasingly recognized as a cancerogenic factor in breast
cancer. We investigated the biophysical characteristics of mechano-sensitive
550a Tuesday, February 18, 2014channels (MSCs) in the breast cancer cell line MCF7 with patch clamp
methods.
MSCs were present in 132 out of 258 cell-attached membrane patches. MSCs
could be activated by negative pressure at the outer side of the membrane in a
saturable manner (EP50: 41.2 5 0.5 mbar (N=13).When Kþ was predomi-
nantly present in the extracellular pipette solution, single channel conductance
exerted to be 25.65 0.4 pS (N=8). When complete ion selectivity was assessed,
conductivity was found to increase in the following order: Liþ < Naþ <
KþzRbþz Csþ. Furthermore, conductivity was smaller for divalent cations
(100 mmole/L compared to 153 mmole/L) with the order: Ca2þ< Ba2þ<Kþ
z Rb þ z Cs þ. We compared the biophysical properties of MSCs with
a recently discovered mechanosensitive cation channel, the human Piezo1
protein, heterologously overexpressed in HEK293 cells. Single channel con-
ductances were indistinguishable between MSCs from MCF7 and hPiezo1 in
HEK293 cells, both when 100% K þ and 50% K þ / 50% Na þ were used
as permeant ions.
MSCs occur in MCF7 breasts cancer cells, providing a sensorium for mechan-
ical stress. Ion selectivity studies show that divalents like Ca2þ can permeate to
a considerable extend. Moreover, permeation of monovalents is apparently
restricted by the size of the ions hydrate shell, as indicated by the smaller con-
ductivities for Na þ and Li þ, respectively, indicating that the ion permeation
mechanism through MSCs may be different to the cation channels crystallized
so far.
This research is supported by grants from the Austrian Research Foundation
(FWF22974 (WS); KLIF182 (TB)).
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Diaryldiamidines, a class of DNA minor groove binders used clinically since
the 1940s in the treatment of tropical parasitoses such as trypanosomiasis,
leishmaniasis, pneumocystis pneumonia and babesiosis, have been recently
found to exert specific blocking effects on acid-sensing ion channels (ASIC),
raising hopes to develop new small molecule neuroprotective agents for
ischemic stroke, which involves acidosis-mediated activation of ASIC1a and
heteromeric ASIC1a/2b channels. Therefore we have thoroughly investigated
the modes of interaction of diminazene with ASIC1a via whole-cell and
single-channel recordings on outside-out patches excised from HEK293 cells
of ASIC1a transient currents evoked by brief acidic pulses (pH 6.0). Data
idealization and model-dependent fitting were performed with custom hidden
Markov model maximum likelihood algorithms. We proved that the 3 subcon-
ductance levels are due to partial block by calcium of the permeation pathway,
and expanded our previous 8-state linear connectivity gating model (Marin
et al. 2008 Channels 2(6):1-10) including 3 subconductance states for each
of the 2 gating modes. Single-channel recordings with diminazene 0.6 or
3 mM indicated a mechanism of open channel block. By exponential fits of
the distributions of blocked and unblocked periods for each gating mode
we computed binding and unbinding rates and dissociation constants of 0.13
and 0.27 mM for gating modes 2 and 1, respectively. Using atomic resolution
models of human ASIC1a in the open conformations corresponding to the 2
gating modes, we found via molecular docking several intra- and intersubunit
binding sites for diminazene. One of these sites, assumed to be responsible for
the state-dependent block, features protrusion of the drug in the transmembrane
domain permeation pathway. As expected, for this blocking site the interaction
energy is higher in the symmetrical open conformation of the second gating
mode than in the asymmetrical open conformation of the first gating mode.
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GABA(A) receptors are critical for proper transmission of inhibitory signals in
the central nervous system, and are common targets of anesthetic and anxiolytic
drugs. Several naturally occurring mutations in such receptors can cause an
increased likelihood of seizures. In particular, gamma-K289M on the M2-M3
loop attached to the pore-lining M2 helices is associated with Generalized
Epilepsy and Febrile Seizures. At the single channel level, the mutation dramat-
ically reduces current amplitude in some subspecies, and increases deactivation
rate in other subspecies. The molecular mechanism through which the mutation
causes these effects is unknown. Using a homology model of the GABA(A) re-ceptor based on the recently solved structure for the homologous glutamate-
gated chloride channel (GluCl), we ran molecular dynamics simulations of
multiple replicas incorporating both the Wild-type and the mutation, at room
temperature and at temperatures inducing febrile seizures. We find distinct
effects of temperature on the mutant for some conformational variables,
including those governing the pore radius. From these results we propose a
molecular mechanism for rapid but unstable closure of GABA(A) receptors,
which would be likely to cause flickering in single channel recordings.
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In skeletal muscle the resting chloride conductance (gCl), sustained by the
ClC-1 chloride channel, controls the sarcolemma electrical stability. Resting
gCl is negatively regulated by Protein Kinase C (PKC), since its pharmacolog-
ical activation closes the ClC-1 channel. A reduced activity of PKC contributes
to the low gCl typical of slow-twitch muscles compared to the fast ones.
Different PKC isoforms are expressed in skeletal muscle, including the novel
isoform PKC-theta, where it mediates various cellular responses. Here we
investigated the role of PKC-theta in the regulation of ClC-1 channel activity
and expression in extensor digitorum longus (EDL) and in soleus (Sol) muscles,
using two models of PKC-theta null mice: a PKC-theta knockout model, in
which the PKC-theta gene was inactivated and the mPKC-theta-K/R transgenic
model, in which a dominant-negative mutant form of PKC-theta is expressed
under a muscle-specific promoter control. Electrophysiological studies showed
a gCl increase in Sol and EDL muscle of KO mice with respect to wild-type.
Muscle excitability was reduced accordingly. Similar effects were observed
in mPKC-theta-K/R mice. By using chelerythrine, a non-specific PKC inhibi-
tor, we demonstrated that other PKC isoforms present in skeletal muscle of
PKC-theta null mice are able to further modulate gCl. In parallel, we found
that the expression of the ClC-1 channel, evaluated by RT-PCR, was not modi-
fied either in EDL or in Sol of PKC-theta-KO mice, demonstrating that PKC-
theta does not control the ClC-1 expression but its activity. These results as well
as the modification of calcineurin and myocyte-enhancer-factor-2 expression
demonstrate the involvement of PKC-theta in the control of muscle phenotype.
We conclude that PKC-theta plays a role in regulating ClC-1 chloride channel
activity and skeletal muscle function. (ASI-OSMA).
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Rheumatoid arthritis (RA) is a chronic autoimmune disease that mainly affects
synovial joints, resulting in cartilage and bone degradation. Current therapies
for RA typically focus on suppressing the immune response, although resident
joint cells known as fibroblast-like synoviocytes (FLS) are responsible for
many of the pathogenic features of RA. In normal joints, FLS line the capsule
and function to maintain the extracellular matrix and to lubricate the joint.
However, FLS in RA (RA-FLS) develop an invasive phenotype tightly corre-
lated with joint damage and release proteases and pro-angiogenic and pro-
inflammatory growth factors. Due to their pathogenic nature, understanding
how to regulate RA-FLS activity could provide the basis for novel therapeutics
for RA that would bypass the need for immunosuppressants.
We have found that the KCa1.1 channels are involved in many of the patho-
genic features of RA-FLS. KCa1.1 is up-regulated in RA-FLS and localizes
on the leading edge of the plasma membrane. Blocking KCa1.1 ex vivo inhibits
cellular migration and invasion, along with the production of VEGF, IL-8, and
MMP-2. This inhibition in cellular motility agrees with our finding that block-
ing KCa1.1 inhibits the formation of lamellipodia and interferes with integrin
regulation in RA-FLS. These changes in phenotype are likely due to a calcium
transient that forms as a result of KCa1.1 block, as invasiveness of KCa1.1-
blocked RA-FLS is rescued upon blocking CaV channels on the cell membrane.
We have also found that blocking KCa1.1 with the small molecule paxilline
significantly decreases clinical signs in two complementary rat models of RA.
